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Introduction 
Tephra studies have been 
undertaken in New Zealand since 
last century (Lowe, 1990). 
Currently, major advances are 
being made in understanding the 
physical volcanology of pyroclastic 
deposits in the North Island and 
their stratigraphic and chronologie 
inter -relationships, methods of 
correlation and the application of 
tephra layers to stratigraphic and 
palaeoenvironmental studies (i.e., 
tephrochronology). Petrological 
studies are also being undertaken 
(e.g. Dunbar et al., 1989; Sutton 
et al., 1993; Graham et al., 1995; 
Nakagawa et al., 1998; Price et al., 
1999). The tephra-based studies 
complement new volcanological 
studies. 
A particularly important step 
forward has been the acquisition of 
long terrestrial cores from 
Auckland (Newnham et al., 1999a) 
and from the deep sea to the east 
of New Zealand on ODP Leg 181 
(Hayward, 1998; Carter et al., 
1999) where potentially 
exquisitely-detailed Quaternary 
(and older) records await analysis 
at nne-resolution scale. A review of 
Quaternary environmental change 
in New Zealand that documents the 
Abstract 
This paper summ.1rises recent studies on Quaternary tcphr<~ 
deposits in fh.w1 Zealand, and refers to a range of 
tephrochronological applic.Jtions including sequence 
sb;tligraphy, palaeoclimatic reconstruction, <tnd archaeology. 
Topics touched upon include tcpbrostratigraphy, geochronology, 
geochemical correlation techniques, volcanology, and volcanic 
haz;;uds and impacts. Some key tephra marker beds, r.lnging in 
age from 0.65 ha to 1.63 ~1a, are identified. Recently-acquired 
tcphrt:~·bearing cores from both terrestri01l and deep-sea 
environments, CJitending through or beyond the Quaternary, 
provide great potenti<~l for detailed, fine-resolution 
volcanological and p;llaeoenvironmental studies. Tbe t~phra­
based research in tlcvt Zealand demonstr.,tes the importance of 
tephro1 deposits as stratigraphic markers, dating tools, ilnd 
recorders of volcanic cruptior. history. An c/lllensive reference 
list is provided. 
important roles of 
tephrochronology and 
geochronology is given by 
Newnham et al. { 1999b). A series 
of papers integrating 
tephrochronology and other 
disciplines in New Zealand was 
edited by Lowe (1996). A paper 
describing tephra nomenclature 
has been prepared recently by 
Hunt and Lowe (in press). 
Quaternary volcanism and 
geochronology 
Quaternary volcanism in the North 
Island consists primarily of four 
types (Fig. 1): ( 1} intraplate, 
mainly basaltic volcanism arising 
from mantle upwelling in the back-
arc region, forming volcanic: iields 
(e.g. Smith et al., 1993; Briggs et 
al., 1994); (2) subduction-related, 
mainly andesitic volcanism in both 
the back-arc region and Taupo 
Volcanic Zone {TVZ), typically 
forming stratovolcanoes (e.g. 
Goles et al., 1996; Price et al., 
1999); (3) crustal-derived, 
explosive, mainly rhyolitic 
volcanism in southern Coromandel 
Volcanic Zone (CVZ) and in central 
TVZ, forming multiple calderas and 
producing voluminous ignimbrite-· 
sheets and widespread tephra-fall 
deposits and some lava dome-
building (e.g. Brooker et al., 1993; 
Wilson, 1993; Wilson et al., 
199Sa); and (4).isolated, rift-
related volcanoes of Mayor Island 
{peralkallne) and Gannet Island 
(nephelenite) {Houghton et al., 
1992; Barclay et al., 1996; Briggs 
et al., 1997}. 
There have been cons.iderable 
advances in understanding the 
structure, eruptive processes and 
products and chronology of the 
volcanic complexes in the TVZ (e.g. 
Houghton et al., 1991, 1995; 
Pringle et al., 1992; Briggs et al., 
1993; Bailey and Carr, 1994; 
Nairn et al. 1994; Smith and 
Houghton, 1995a, 1995b; Wilson 
et al., 1995a, 1995b; Black et al., 
1996; Krippner et al., 1998). The 
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Fig111W f: Major volcanoes of North Island active since c. 2.5 Ma and generalised distribution of pyroclastic deposits. 
Back-arc, Intraplate volcanic Relds: I, Okete; 2, Ngafllfllra,- 3, S01.1th Auckland,· 4, Auckland,· 5, Whangarei,· 6, Puhipuhi,· 7, 
Kaihohe-Bay of Islands. Subduction-derived stratovo!canoes (examples only): Ka, Karioi; Pg, Pirongia; Ku, Kakepuku,· Mt, 
Maungatautari,· Ed, Edgecumbe (Putauakl); Tg, Tongariro,- N, Ngaurohoe,- R, Ruapehu; Kt, Kaitake; Pk, Pouakai,· Tn, 
Taranaki (Egmont). Wk, 'Whakatane volcano: is one of the submarine arc volcanoes. T and H represent Tarawera and· 
Haroharo volcanoes, respectively, within the Okataina volcanic complex. Mainly after Briggs eta/. (1994), Wright (1994 }, 
and Wilson eta!. (1995a}. 
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central TVZ is the largest and most 
frequently active rhyol~ic magmatic 
system on Earth (Houghton et al., 
1995). The sizes of eruptions 
range from about 0,01 km3 to 500 
krn3, with the smallest known 
rhyolitic events comparable in size 
to many basaltic and andesitic 
events (Wilson et al., 1995a). 
Possible caldera structures of 
Quaternary age have been 
provisionally identified recently in 
the Tauranga and Kaimai Range 
regions of the southern 0/Z 
(Wilson et al., 1995a; Brathwaite 
and Christie, 1996; Briggs et al., 
1996; Lowe et al., in press a) and 
a submarine caldera volcano has 
been identified in offshore Bay of 
Plenty (Fig. 1; Davey et a1.,1995). 
A series of eight large (50-260 
krn3 in volume), submerged 
stratovolcanoes along the 
southern Kermadec frontal arc to 
the northeast of North Island have 
also been investigated (Gamble et 
al., 1993; Wright, 1994). The 
submarine 'Whakatane volcano' 
marks the northern extremity of 
continental TVZ {Wright, 1994; Fig. 
1 ). 
Techniques used recently in dating 
lavas and pyroclastic deposits 
(both ignimbrites and tephra-fall 
materials) include K-Ar (on whole 
rock or feldspar or hornblende 
separates), Ar-Ar (single-crystal 
laser fusion on feldspar 
separates), fission-track (using 
both the isothermal plateau 
method on glass or the external 
detector method on zircon), t4C 
(high-predsion liquid scintillation 
spectrometry or accelerator mass 
spectrometry) and palaeomagnetic 
methods (see below). 
Tephrostratigraphy: post-65 ka 
deposits 
T ephrostratigraphic work in New 
Zealand has expanded in recent 
years in conjunction with the new 
volcanological work, and also with 
important advances in 
geochronological techniques. The 
pyroclastic eruptives from the 
central "NZ dating back to 65 r<~c 
ka have been well documented 
(e.g. Froggatt and Lowe, 1990; 
Wilson, 1991, 1993; Wilson et al., 
1992; Alloway et al., 1994; Lowe 
and Hogg, 1992, 1995; Carroll et 
al., 1997), both at proximal and 
distal localities (e.g. Pillans and 
Wright, 1992; Carter et al., 199 5; 
Wilson et al., 1995c; Eden and 
Froggatt, 1996; Lowe et al., 
1999). New tephrostratigraphic 
and petrological studies on 
deposits associated with 
stratovolcanoes of Mt Egmont 
(Alloway et al., 1995; Price et al., 
·1999) and Tongariro Volcanic 
Centre (e.g. Donoghue et al., 
1995a, 1995b, 1997, 1999; 
Cronin et al., 1996a, 1996b; 
Donoghue and Neall, 1996; 
Hobden et al., 1996; Lecointre et 
al., 1998; Nagakawa et al., 1998; 
Nairn et al., 1998) have been 
published. 
Key palaeoenvironmental tephra 
marker beds identified include the 
Kaharoa (0.65 ka), Taupo (1.85 
ka), Tuhua (6.2· ka), Konini (1 0.15 
ka), Waiohau (12 ka), 
Rerewhakaaitu (14.7 ka), 
Kawakawa (22.6 ka) and Rotoehu 
(65 ka) tephras (Newnham et al., 
1999b). These and other tephras 
have been used widely as 
tephrochronological markers in a 
range of disciplines and 
environments (e.g. see Lowe, 
1990, 1995; Alloway et al., 1992; 
Berryman, 1992; Pillans et al., 
1993; Kennedy, 1994; Carteret 
al., 1995; McGlone, 1995; 
Newnham et al., 1995; Berryman 
et al., 1998; Eden and Page, 
1998; Lowe and Hendy, 1998; 
Newnham and Lowe, 1999; 
Newnham et al., 1999b; Newnham 
and Lowe, in press) including, 
most recently, archaeology 
(Wilmshurst, 1997; Lowe et al., 
1998, in press b; Newnham et al., 
1998a, 1998b). Some also 
provide a potential means of 
linking high-resolution tree-ring 
and ice-core records {e.g. Baillie, 
1996; Lowe and Higham, 1998). 
Teph rostratigraphy: 
pre-65 ka deposits 
Major advances in 
tephrostratigraphy and 
tephrochronology have been made 
on the pre-65 ka Quaternary silicic 
tephra beds that occur in 
terrestrial sedimentary sequences 
(e.g. in Wanganui Basin: Carter 
and Naish, 1998a; Kidnappers 
Group, Hawke's Bay: Shane et al., 
1996a) and in marine cores, 
where they have been dated using 
fission-track techniques, Ar-Ar, 
luminescence and amino-add 
racemisation methods. Examples 
of such work include earlier papers 
by Nelson et al. (1985), Froggatt 
et al. (1986) and Black et al. 
(1988). More recent studies have 
been reported by Black (1992), 
Kohn et al. (1992), Alloway et al. 
(1993), Berger et al. (1994), 
Kimber et al. ( 1994), Shane et al. 
(1994, 1995, 1996a, 199Gb), 
Naish et al. (1996, 1997, 1998), 
Palmer and Pillans ( 1996), Pillans 
et al. (1994, 1996), Seward and 
Kohn ( 1997) and Lowe et al. (in 
press a). The veradty of the dating 
has been testable in some cases 
by independent 
magnetostratigraphy, marine 
oxygen isotope (MOI)~derived 
orbital tuning, coccolith 
biostratigraphy and 
aminostratigraphy (e.g. Pillans et 
al., 1994, 1996; Naish et al., 
1996, 1998; Bowen et al., 1998; 
Carter and Naish, 1998a, 1998b). 
Key tephra marker beds identified 
include Rangitawa (0.35 Ma), 
Potaka (1 Ma), which is associated 
with the Jaramillo Subchron and 
Pakihikura (1.63 Ma) tephras 
(Newnham et al., 1999b). 
Further work dating and 
correlating the older, distal 
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Quaternary tephra beds is 
underway in the Bay of Plenty 
{Briggs et a!., 1996; Manning, 
1996), Hamilton (Waikato) (Lowe 
eta!., in press a) and Auckland 
regions (Newnham et al., 1999a) 
and on the c. 140 macroscopic 
tephra layers, some up to 0.9 m 
thick, recorded in cores from ODP 
Site 1124 that date back to c. 11 
Ma {Carter et al., 1999; Rg. 1). 
This core and others induding Site 
1123 provide a long record of 
North Island volcanism that is 
potentially able to be dated very 
accurately using 
magnetostratigraphy, 
biostratigraphy anp, critically, MOl-
based orbttal tuning (Carter et al., 
1999; Newnham et al., 1999b). 
Correlation techniques 
A major advance in tephra 
characterisation and hence 
correl~tion techniques has been 
the use of the electron microprobe 
to analyse volcanic glass. This · 
work began in New Zealand with 
Froggatt (1983) and has since 
been widely adopted {e.g. Lowe, 
t988a, 1988b; Eden et al., 1992; 
Froggatt, 1992; Shane and 
Froggatt, 1992; Pillans, 1994; 
Eden and Froggatt, 1996; 
Manning, 1996; Shane et al., 
1996b; Donoghue et al., 1999; 
Lowe et al., 1998, 1999). 
Analyses of Fe-Ti oxides, first 
undertaken in 1970 (Kohn, 1970), 
have also been used to fingerprint 
tephras, in part using major and 
trace element compositions but 
more recently via estimates of 
eruption temperature and oxygen 
fugacity (e.g. Lowe, 1988a; Cronin 
et al., 1996c; Donoghue and Neall, 
1996); a detailed study on Fe-Ti 
oxides and tephra correlation was 
reported by Shane (1998). 
Analyses of ferromagnesian 
minerals (e.g. pyroxenes, 
amphiboles) by electron 
microprobe are being used as well 
(e.g. Lowe, 1988a; Froggatt and 
Rogers, 1990; Cronin et al., 
1996c; Donoghue and Neall, 
1996). Statistical techniques 
induding discriminant function 
analysis to aid correlation are well 
established (e.g. Stokes and Lowe, 
1988; St9kes et al., 1992; Shane 
and Froggatt, 1994; Cronin et al., 
199Gb, 1996c, 1997a). 
Volcanic hazards and impacts 
The growing dossiers on the 
eruption histories of the North 
Island volcanoes have led to an 
increasing appreciation of the 
potential volcanic hazards and 
impacts posed by these volcanoes 
(e.g. Dibble et al., 1985; Oarkson, 
1990; Allen and Smtth, 1994; 
Bebblngton and Lai, 1996; Cronin 
et al., 1997b; Johnson et al., 
1997; Houghton, 1998; Pyle, 
1998; Lowe and de lange, 1998; 
Giles et al., 1999; Newnham et al., 
1999a). The potential magnitude 
of these hazards was highfighted 
by the relatively minor AD 1995-
1996 Ruapehu eruptions that 
generated considerable problems, 
including the disruption of aviation 
(e.g. many airports were dosed, 
including Auckland International 
Airport for three nights), serious 
disruption to electricity generation 
and transmission in central North 
Island, damage to crops and the 
killing of livestock (Houghton et al., 
1996; Newnham et al., 1999a). 
Conclusions 
This short review has summarised 
just some aspects of important 
tephrostratigraphic and 
tephrochronologic work and 
related volcanological studies, 
undertaken in New Zealand in 
recent years. Such research 
demonstrates the key role that 
tephras play in volcanological and 
palaeoenvironmental research in 
New Zealand and elsewhere: (1} 
tephra depostts resulting from 
large-scale eruptions provide 
stratigraphic marker beds that 
assist in correlating sequences in 
both terrestrial and marine 
environments and in linking such 
sequences; (2) they provide 
mineralogical components for 
numerical dating and hence a 
means for independently testing 
dates based on biostratigraphy, 
magnetostratigraphy and MOl-
based orbital tuning; and (3) they 
provide a comprehensive record of 
volcanism, especially in distal 
environments because proximal, 
near -vent deposits may be 
complex and 'incomplete' wtth 
successive eruptive events tending 
to destroy or bury antecedent 
deposits. 
Acknowledgements 
We thank Associate Professor 
Roger Briggs and Frank Bailey 
{University of Waikato) for helpful 
advice and for drafting the figure, 
respectively. 
References 
Allen, S.R. and Smith, I.E.M. 1994. 
Eruption styles and volcanic hazard in 
the Auckland Volcanic Field, New 
Zealand. fieosdence Reports of 
Shlzuoka 1Jniversity20, 5-14. 
Alloway, B.V., McGlone, M.S., Neall, V.E. 
and Vucetich, e.G. 1992. The role of 
Egmont-sourced tephra in evaluating 
the paleodimatic corresponden,c.e 
between the bio- and soil-stratigraphic 
records of central Taranaki, New 
Zealand. Qu,iternaty lntemationa/13· 
14, 187-194. 
Alloway, B.V., Pillans, BJ., Sandhu, A.S. 
and Westgate, I.A. 1993. Revison of the 
marine chronology in the Wanganui 
Basin, New Zealand, based on the 
isothennal plateau fission-track dating,of 
tephra horizons. Sedfmentaty geology 
82, 299-310. 
Alloway, B.V., Lowe, OJ., Eden, D.N., 
Froggatt and Chan, R. 1994. 
Stratigraphy and chronology of Stent 
tephra, a ca. 4000 year old distal silidc 
tephra from Taupo Volcanic Centre, New 
Zealand. New Ze11/and /0/Jma/ of 
Geologyandfieophysics37, 37-47. 
Alloway, B.V., Neall, V.E. and Vucetich, e.G. 
1995. late Quaternary (post 28,000 
year BP) tephrostratigraphy of 
northeast and central Taranaki, New 
Zealand. /OilfTlal of th~ Royal Soci~ty of 
NewZealand25, 385-458. 
Bailey, R.A. and Carr, R.G. 1994. Physical 
~logy and eruptive history of t!Je 
Matahina lgnimbr~e, Taupo Volcanic 
fune 1999 U!!ntemmy ~~iUIIosrn Vol. 11/1 15 
Rese_orch Reports 
Zone, North Island, New Zealand. New 
led/and /ouf71dl of Geology and 
Geophysics37, 319-344. 
Baillie, M.G.L 1996. Extreme 
environmental events and the finklng of 
the tree-ring and ice-core records. 
Radiocarbon 38, 703·711 • . 
Barclay, J., Carroll, M.R., Houghton, B.F. 
and Wilson c.J.N. 1996. Pre-eruptive 
volatile content and degassing history of 
an evolving peralkaline volcano. I01Jf71111 
of Volcanology and Geothermal 
ResedrdJ 74, 75-87. 
Bebbington, M.S. and lai, C.O. 1996. 
Statistical analysis of New Zealand 
volcanic occurrence data. Jouf71dl of 
Vokanohgy and Geothermal R~ 
74, 101-110. 
Berger, G.W., Plllans, BJ. and Palmer, A.S. 
1994; Test of thermoluminescence 
dating of loess from New Zealand and 
Alaska. Quaternary Science Reviews 13, 
309-333. 
Berryman, K. 1992. A stratigraphic age of 
Rotoehu Ash and late Pleistocene 
dimate Interpretation based on marine 
terrace chronology, Mahia Peninsula, 
North Island, New Zealand. New ZC4/and 
Jouf71dl of ~y and Geophysics 35, 
1-7. 
Berryman, K., Beanland, S. and 
Wesnousky, S. 1998. Paleosefsmidty of. 
the Rotoltipakau Fautt Zone, a complex 
normal fault in the Taupo Volcanic.Zone, 
New Zealand. New Zealand Journal of 
Geology and Geophysics 41 1 449-46 5, 
Black, K.P., Nelson, C.S. and Hendy, C.H. 
1 988. A spectral analysis procedure for 
dating Quaternary deep-sea cores and 
its application to a high-resolution 
Bruhries record from the Southwest 
Padfic. Narinefieology83, 21 -30. 
Black, T.M. 1992. Chronology of the 
Middle Pleistocene Kidnappers Group, 
New Zealand, and correlations to.the 
global oxygen isotope stratigraphy. 
Earth and Planeialy Science letters 
109: 573-584. 
Black, T.M., Shane, P.A.R., Westgate, J.A. 
and Froggatt, P.C. 1996. Chronological 
and palaeomagnetic constraints on 
widespread welded ignimbrites of the 
Taupo volcanic zone. Bulletin of 
Volcanology 58, 226·238. 
Bowen, D.Q., P~lans, B.J., Sykes, G.A., Beu, 
A.G., Edwards, A.R., Kamp, P.J.J. and 
HuU, A.G. 1998. Amino add 
geochronology of Pleistocene marine 
sediments In the Wanganui Basin: a New 
Zealand framework fo( cOrrelation and 
dating. Jouf71dl of the Geological Society 
155, 573-584. 
Brathwaite, R.L. and Christie, A.B. 1996. 
Geology of the Waihl area, part sheets 
Tl3 and U13, scale 1:50,000. Institute 
of Geological and Nuclear Sciences 
Geological Nap 21 . 
Briggs, R.M., Gifford, M.G., Moyle, A.R., 
Taylor, S.R., Norman, M.D., Houghton, 
B.F. and Wilson, C.J.N. 1993. 
Geochemical zoning and eruptive mixing 
In ignimbrites from Mangakino volcano, 
Taupo Volcanic Zone, New Zealand. 
Jouf71dl of Volcanology and Geothermal 
Rese<~rrh 56, 175·203. 
Briggs, R.M., Okada, T., Itaya, T., Shibuya, 
H. and Smith, I.E.M. 1994. K-Ar ages, 
paleomagnetism, and geochemistry of 
the South Auckland volcanic field, North 
Island, New Zealand. New Zealand 
Journal of Geology and Geophysics 37, 
143-153. 
Briggs, R.M., Hall, G.J., Hanmsworth, G.R., 
Hollis, A.G., Houghton, B.F., Hughes, 
G.R., Morgan, M.D. and Whitbread-
Edwards, A.R. 1996. Geology of the 
Tauranga area, sheet U14, scale 1:50 
000. Department of Earth Sciences, 
IJnlvetsity of Waikato, Occasional Report 
22. 
Briggs, R.M., Rosenberg, M., de lange, 
P.J., Itaya, T., King, P.R. and Price, R.C. 
1997. Geology and geochemistry of 
Gannet (Karewa) Island, Tasman Sea: a 
rift-related nephelenite tuff ring. New 
Ita/and Journal of Geology and 
Geophyslcs40, 261·271 . 
Brooker, M.R., Houghton B. F., Wilson, 
CJ.N.and Gamble, J.A. 1993. Pyroclastic 
phases of a rhyolitic dome-building 
eruption: Puketarata tuff ring, Taupo 
Volcanic Zone, New Zealand. BuHetin of 
Vo/ci1110k!qy55 , 395-406. 
Carroll, LD., Gamble, J.A., Houghton, B.F., 
Thordarson, T. and Higham, T.F.G. 
1997. A radiocarbon age determination 
for Mount Edgerumbe (Putauaki) 
volcano, Bay of Plenty, New Zealand. 
New led/and Journal of Geology and 
Geophysics40, 559-562. 
Carter, l.; Nelson, C. S.; Neil, H. L.; 
Froggatt, P. C. 1995. Correlation, 
dispersal, and preservation of the 
Kawakawa Tephra and other late 
Quaternary tephra layers in the 
Southwest Pacific Ocean. New Zealand 
Journal of Geology and Geophysics 38, 
29·46. 
Carter, L, Carter, R., McCave, N. and 
Shipboard Sdentific Party 1999. You 
don't know \\flat's there until you drill: 
initial results from Leg 181 - SW Padfic 
gateway. NIWA Water and Atmosphere 7, 
14-16. 
Carter, R.M. and Naish, T.R. 1998a. A 
review of Wanganui Basin, New Zealand: 
global reference section for shallow 
marine, Plio-Pielstocene .(2.5-{) Ma) 
cyclostratigraphy. Sedimentary Geology 
122, 37·55. 
Carter, R.M. and Naish, T.R. 1998b. Have 
local stages outlived their usefulness for 
the New Zealand Pliocene-Pleistocene? 
New Zealand Joumal of Geology and 
Geop/lysiq 41 I 271-279. 
Oarl<son, B.D. 1990. A review of 
vegetation development following recent 
( <450 yrs} volcanic disturbanCe in 
North Island, New Zealand. New leG/and 
Journalof£cology14, 59-71. 
Cronin, S.J., Neall, V.E. and Palmer, A.S. 
1996a. Geological history of the north-
east em ring plain of Ruapehu volcano, 
New Zealand. Quaternary International 
34-36, 21-28. 
Cronin, S.J., Neall, V.E., Stewart, R.B. and 
Palmer, A.S. 1996b. A multiple-
parameter approach to andesitic tephra 
correlation, Ruapehu volcano, New 
Zealand. Joumal of Vokanology and 
Geothermal Research 72, 199-21 5. 
Cronin, SJ., Wallace, R.C. and Neall, V.E. 
1996c. Sourcing and identifying 
andesttic tephras using major oxide 
titanomagnetite and hornblende 
chemistry, Egmont volcano and 
Tongariro Vokanlc Centre, New Zealand. 
Bulletin of Vokanology58, 33-40. 
Cronin, S.J., Neall, V.E., Palmer, A.S. and 
Stewart, R.B. 1997a. Methods of 
identifying late Quaternary rhyolitic 
tephras on the ring plains of Ruapehu 
and Tongariro volcanoes, New Zealand. 
New Zealand Joumal of Geology and 
~40, 175-184. 
Cronin, SJ., Neall, V.E. and Palmer, A.S. 
1997b. lahar history and hazard of the 
Tongariro River, northeastern Tongariro 
Volcanic Centre, New Zealand. New 
lM!and !oof71dl of Geology and 
Geophysk:s40, 383-393. 
Davey, F J., Henry, S.A. and lodolo, E. -
1995. Asymmetric rifting In a continental 
back-arc environment, North Island, New 
Zealand. Journal of Vokanology and 
Geothermal Rese<~rdJ 68, 209-238. 
Dibble, R.R., Nairn, I.A. and Neall, V.E. 
1985. Volcanic hazards of North Island, 
New Zealand - overview. Joumal of 
Geodynamics 3, 369-396. 
Donoghue, S.L and Neall, V.E. 1996. 
Tephrostratlgraphic studies at Tongariro 
Volcanic Centre, New Zealand: an 
overview. Quatemary lntemational34-
36,13-20. 
Donoghue, S.L, Neall, V.E. and Palmer, 
A.S. 1995a. Stratigraphy and 
chronology of late Quaternary andesitic 
tephra deposits, Tongariro Volcanic 
Centre, New Zealand. Journal of the 
RoyaiSodetyofNewlealand25, 115-
206. 
Donoghue, S.L., Gamble, I.A., Palmer, A.S. 
and Stewart, R.B. 1995b. Magma 
mingling in an andesitk: pyrodastic flow 
of the Pourahu Member, Ruapehu 
volcano, New Zealand. Journal of 
Vokanology and Geothermal Researrh 
68, 177-191. 
Reseorch Reports 
Donoghue, S.L, Neall, V.E., Palmer, A.S. 
and Stewart, R.B. 1997. The volcanic 
history of Ruapehu during the past two 
millennia based on the record of Tufa 
Trig tephras. Bulletin of Volcanology 59, 
136-146. 
Donoghue, S.L, Palmer, A.S., McClelland, 
E., Hobson, K., Stewart, R.B., Neall, V.E., 
Lecointre, J. and Price, R.C. 1999. The 
T aurewa Eruptive Episode: evidence for 
dmactic eruptions at Ruapehu volcano, 
New Zealand. Bulledn of Vokano/ogy60 
(in press} 
Dunbar, N.W., Kyle, P.R. and Wilson, C.J.N. 
1989. Evidence for limited zonation in 
sllidc magma systems, Taupo Volcanic 
Zone, New Zealand. ~logy 17, 234-
236. 
Eden, D.N. and Froggatt, P.C. 1996. A 
650~yearo()fd history of tephra 
deposition recorded in the sediments of 
Lake Tutira, eastern North Island, New 
Zealand. Quaternary lntemational34-
36, 55-64. 
Eden, D.N. and Page, MJ. 1998. 
Palaeoclimatic implications of a stonn 
erosion record from fate Holocene lake 
sediments, North Island, New Zealand. 
Palaeogeography, Palaeoclimatology, 
Palaeoecologyl39, 37-58. 
Eden, D.N., Froggatt, P.C. and Mcintosh, P. 
1992. The distribution and composition 
of volcanic glass in late Quaternary 
loess deposits of southern South Island, 
New Zealand, and some possible 
correlations. New Zealand Journal of 
fif:ology and Geophysics 35, 69-79. 
Froggatt, P.C. 1983. Toward a 
comprehensive Upper Quaternary tephra 
·and ignimbrite stratigraphy in New 
.Zealand using el~n microprobe 
analysis of glass shards. QuaternaJy 
Resea!t1119, 188-200. 
Froggatt, P. C. 1992. Standardisation of 
the chemical analysis of tephra deposits. 
Report of the ICCT Working Group. 
Quaternary lnternatlonal13-14, 93-96. 
F.roggatt, P.C. and Lowe, DJ. 1990. A · 
review of late Quaternary silicic and 
some other tephra fonmations from New 
Zealand: their stratigraphy, 
nomenclature, distribution, volume, and 
age. New aaland Joumal of Geology 
and Ueop/lysics 33' 89-109. 
Froggatt, P.C. and Rogers, G.M. 1990, 
T ephrostratigraphy of high altitude peat 
bogs along the axlal ranges, North 
Island, New Zealand. New Zealand 
Joumal of Geology and Geophysics 33, 
111-124. 
Froggatt, P.C., Nelson, C.S., Carter, L, 
Griggs, G. and Black, K.P. 1986. Aro 
exceptionally large late Quaternary 
eruption from New Zealand. Nature 319, 
578-582. 
Gamble, J.A., Wright, I.C. and Baker, J.A. 
1993, Seafloor geology and petrology in 
the oceanic to continental transition 
zone of the Kermadec-Havre-Taupo 
Volcanic Zone arc system, New Zealand. 
New Zs!dnd Joumal of Geology and 
6eqN1.)1Sks 36, 417-4 3 5. 
Giles, T.M., Newnham, R.M., Lowe, D.J. and 
Munro, A.J. 1999. Impact of tephra fall 
and environmental change: a 1 000 year 
record from Matakana Island, Bay of 
Plenty, North Island, New Zealand. In 
Rrth, C.M. and McGuire, W.J. (ed'rtors}, 
'Volcanoes in the Quaternary', 
Geological Sodely (london), Spedal 
Publications 161, 11-26. 
Gales, G. G., Briggs, R.M. and Rosenberg, 
M.D. 1996. late Pliocene stratigraphic 
succession and volcanic evolution of 
Kariol volcano, western North Island, 
New Zealand. New ZtM!and Joumal of 
6eo/ogy and Geophysics 39, 283-294. 
Graham, I.J., Cole, J.W., Briggs, R.M., 
Gamble, J.A. and Smith, I.E.M. 1995. 
Petrology and petrogenesis of volcanic 
rocks from the Taupo Volcanic Zone: a 
review. Journal of Vokanology and 
Geothermal Research 68, 59-87, 
Hayward, B.W. 1998. Ocean DriUing 
Programme comes down under: ODP 
Leg 181. Geological Sockty of New 
Zealand Newsleiter117, 5-9. 
Hobden, B.J., Houghton, B. F., Lanphere, 
M.A. and Nairn, I.A. 1996. Growth of the 
T ongariro volcanic complex: new 
evidence from K-Ar age determinations. 
New Zealand Joumal of Geology and 
Geophysics 39, 151-154. 
Houghton, B.F. 1998. Blow upi-
Volcanoes.ln Hicks, G. and CampbeH, H. 
(editors), Awesome Forces- the 
Natural Hm~rds That Threaten New 
Zealand. Te Papa Press, 18-34. 
Houghton, B.F., Uoyd, E.F., Wilson, C.J.N. 
and Lanphere, M.A. 1991. K-Arages 
from the Western Dome Belt and 
assotiated rhyolitic lavas in the Maroa-
Taupo area, Taupo Volcanic Zone, New 
Zealand. NewZslandJournalof 
Geology and Ueop/lysics 34, 99-101. 
Houghton, B. F., Weaver, S.D., Wilson, c.J.N. 
and Lanphere, M.A. 1992. Evolution of a 
Quaternary peralkaline volcano: Mayor 
Island, New Zealand. Joumal of 
Volcanology and Geothermal Ressltfl 
51' 217-236. 
Houghton, B.F., Wilson, C.J.N., McWiiUams, 
M.D., Lanphere, M.A., Weaver, S.D., 
Briggs, R.M. and Pringle, M.S. 1995. 
Chronology and dynamics of a large 
silidc magmatic system: Central Taupo 
Volcanic Zone, New Zealand. Geology 
23, 13-16. 
Houghton, B.F., Neall, V.E. and Johnston, 
D. 1996. E~bbn!flfount~u 
Awakes. Penguin Books, Auckland. 
Hunt, J.B. and Lowe, OJ. in press. Tephra 
nomenclatura. Journal of Archaeological 
Science (submitted) 
Johnston, D.M., Nairn, I.A., Thordarson, T. 
and Daly, M. 1997. Volcanic impact 
assessment for the Auckland volcanic 
region. Auckland Regional COiHICil 
Technical Publication 79. 
Kennedy, N.M. 1994. New Zealand tephro-
chnonology as a tool in the geomorphic 
history of the c. 140 ka Mamaku 
Ignimbrite Plateau and in resulting 
oxygen isotope stages. Geomorphology 
9, 97-115. 
Kimber, R.W.L, Kennedy, N.M. and Milnes, 
A.R. 1994. Amino acid racemization 
dating of a 140 000 year old tephra-
loess-paleosol sequence on the Mamaku 
Plateau near Rotorua, New Zealand. 
Australian JOIK!It3} of Earth Sciences 41, 
19-26. 
Kahn, B.P. 1970. Identification of New 
Zealand tephra layers by emission 
spectrographic analysis of their 
titanomagnetites. litllos 3, 361·368. 
Kahn, B. P., Pillans, B.J. and McGlone, M. 
5. 1992. Zircon fission track age for 
middle Pleistocene Rangitawa Tephra, 
New Zealand: stratigraphic and 
paleoclimatic significance. 
Palaeogeography, Palaeoclimtology, 
Palaeoecology95, 73-94. 
Krippner, S.J.P., Briggs, R.M., Wilson, c.J.N. 
and Cole, J.W., 1998, Petrography and 
geochemistry of lithic fragments in 
ignimbrites from the Mangaklno Volcanic 
Centre: lmpNcations for the composition 
of the subvolcanlc crust in western 
Taupo Volcanic Zone, New Zealand. New 
Zealand Journal of Geology and 
Geophysks 41, 187-199. 
Lecointre, I.A., Neall, V.E. and Palmer, A.S. 
1998. Quaternary lahar stratlgrasihy of 
the western Ruapehu ring plain, New 
Zealand. New Zealand Journal of 
geologyandGeophysics41,225-Z4S. 
Lowe, D. J. 1988a. Late Quaternary 
volcanism in New Zealand: towards an 
integrated record using distal airfall 
tephras in lakes and bogs. Journal of 
Quaternary Science 3, 111-120.· 
Lowe, D. J. 1988b. Stratigraphy, age, 
composition, and correlation of late 
Quaternary tephras interbedded with 
organic sediments in Waikato Lakes, 
North Island, New Zealand. New 
Zealand Journal of Geology and 
Geop/lysk:s31, 125-165. 
lowe, OJ. 1990. Tephra studies in New 
Zealand: an historical review. Journal of 
the Royal Society of New lealand20, 
119-150. 
Lowe, OJ. 1995. Teaching days: from 
ashes to allophane. in Churchman, G.J., 
Fitzpatrick, R.W. and Eggleton, R.A. 
(editors), Proceedings of 1Oth 
lntemabbnal Clay Conference, Adelaide, 
19-23. 
fUllf 1999 Quni_£JlHIJV .AU_~ItoiQSiU ~01.11/1 17 
ffeseorch Reports 
lowe, D. J. (editor) 1996. "Tephra, loess, 
and Paleosols - An Integration •. 
Quatenwy lntemationa/34--36, 1-261. 
Lowe, DJ. and de lange, W.P. 1998. Did 
the Taupo eruption generate a global 
tsunami?INQUA-COT/UISPP 311nter-
congress symposium on 
'Tephrochronologie et Coeslstence 
Homme-Volcans', Brives-Charensac, 
France, 153·159. 
Lowe, OJ. and Hendy, C. H. 1998. 
Quaternary sdence at the University of 
Waikato, Hamilton, New Zealand. 
Quaternary Australasia 16, 18-26 & 33-
35. 
lowe, OJ. and Higham, T.F.G. 1998. Hit-
or-myth? Unklng a 1259 AD add spike 
with an Okatalna eruption. Antiquity72, 
427-431 . 
Lowe, OJ. and Hogg, A.G. 1992. 
App6cation of new technology liquid 
sdntiUation spectrometry to radiocarbon 
dating of tephra deposits, New Zealand. 
Quaternary lntematlonJ/13·14, 135-
142. 
Lowe, D.J. and Hogg, A.G. 1995. Age of 
the Rotoehu Ash. New lea/and Journal 
of Geology and Geophysics 38, 399-
402. 
lowe, 0. J., McFadgen, B. G., Higham, T. 
F.G., Hogg, A. G., Froggatt, P. C. & Nairn, 
1. A. 1998. Radiocarbon age of the 
Kaharoa Tephra, a key marker for late-
Holocene stratigraphy and archaeology 
in New Zealand. The Holocene 8, 499-
507. 
lowe, D.J., Newnham, R.M. and Ward, C.M. 
1999. Stratigraphy and chronology of a 
sequence of multi-sourced si6cic tephras 
in a 15 000 14C-yr-BP montane peat 
bog in eastern North Island, New 
Zealand. New Z~nd Journal of 
Geology and Geophysics (submitted) 
Lowe, D.J., Tippett, J.M., Kamp, P.J.J., 
Liddell, I.J., Briggs, R.M. and Horrocks, 
J.L. in press a. Preliminary zircon 'fission-
track ages on weathered Pile-
Pleistocene tephra sequences, western 
North Island, New Zealand. Quaternaire 
(submitted) 
Lowe, OJ., Newnham, R.M., McFadgen, 
B.G. and Higham, T.F.G. in press b. 
Tephras and archaeology in New 
Zealand and the timing of ear6est 
Polynesian settlement. Joumal of 
Ardlaeological Science (submitted) 
Manning, O.A. 1996. Middle-Late 
Pleistocene tephrostratigraphy of the 
eastern Bay of Plenty, New Zealand. 
Quaternary /ntemationa/34-36, 3-12. 
McGlone, M.S. 1995. Late gladal 
landscape and vegetation change and 
the Younger Dryas climatic osdllation in 
New Zealand. Quaternary SdMce 
R~vkw.s 14, 867-881. 
Naish, T.R., Kamp, P.J.J., Alloway, B.V., 
Pillans, B.J., Wilson, G.S. and Westgate, 
J.A. 1996. Integrated tephrochronology 
and magnetostratig'aphy for 
cyclothemic marine strata, Wanganul 
Basin: implications for the Pliocene-
Pleistocene boundary in New Zealand. 
Quaternary /ntemationa/34-36, 29-48. 
Naish, T.R., Kamp, P.J.J. and Plllans, B.J. 
1997. Recurring global sea level 
changes recorded In shelf deposits near 
the G/M polarity transition, Wanganui 
Basin, New Zealand: implications for 
redefining the Pliocene-Pleistocene 
boundary. Quaternary lntematlonJ/40, 
61-71. 
Naish, T.R., Abbott, S.T., Alloway, B.V., 
Beu, A.G., Carter, R.M., Edwards, A.R., 
Joumeaux, T.D., Kamp, PJ.J., Pillans, 
B.J., Saul, G. & Woolfe, K.J. 1998. 
Astronomical calibration of a Southern 
Hemisphere Plio-Pleistocene reference 
section, Wanganul Basin, New Zealand. 
Quaternary Science Reviews 17, 695-
710. 
Nakagawa, M., Nairn, I.A. and Kobayashi, 
T. 1998. The -1 0 ka multiple vent 
pyrodastlc eruption sequence at 
Tongariro Volcanic Centre, Taupo 
Volcanic Zone,· New Zealand: Part 2. 
Petrological Insights Into magma 
storage and transport during regional 
extension. Journal of Volcanology and 
Geotllermal Rese<Jrch 86, 45-65. 
Nairn, I.A., Wood, C.P. and Bailey, R.A. 
1994. The Reporoa Caldera, Taupo 
Volcanic Zone: source of the Kaingaroa 
Ignimbrites. Bulletin of Volcanology 56, 
529-537. 
Nairn, I.A., Kobayashi, T. and Nagakawa, 
M. 1998. The -10 ka multiple vent 
pyrodastic eruption sequence at 
Tongariro Volcanic Centre, Taupo 
Volcanic Zone, New Zealand: Part 1. 
Eruptive processes during regional 
extension. Journal of Volcanology and 
Geotllermal Researcl/86, 19-44. 
Nelson, C. S., Froggatt, P. C. and Gosson, 
G. J. 1985. Nature, chemistry, and origin 
of late Cenozoic megascopic tephras in 
Leg 90 cores from southwest pacific. In 
Kennet J.P. eta/ (editors) Initial Reports 
of the Deep Sea Drilling Proj«t 90, 
1161-1173. 
Newnham, R. M. and lowe, D. J. 1999. 
Testing the synchroneity of ponen 
signals using tephrostratlgraphy. Global 
and Planetary Change (in press) 
Newnham, R.M. and Lowe, D.J. in press. 
The search for the 'Younger Dryas' in 
New Zealand using tephrochronology. 
Quatemalre (submitted) 
Newnham, R.M., de Lange, P J. and Lowe, 
OJ. 1995. Holocene vegetation, dimate, 
and history of a raised bog complex, 
northern New Zealand, based on 
palynology, plant macrofossils and 
tephrochronology. The Holocene 5, 
267-282. 
Newnham, R.M., lowe, D.J., McGlone, M.S., 
Wilmsh~, J.M. and Higham, T.F.~. 
1998a. The Kaharoa Tephra as a critical 
datum for earliest human impacts In 
northern New Zealand. Journal of 
Arcllaedogical Science 25, 533-544. 
Newnham, R.M., Lowe, D.J. and Matthews, 
B.W. 199Bb. A late-Holocene and 
prehistoric record of environmental 
change from Lake Wall<aremoana, New 
Zealand. The Holocene 8, 443-454. 
Newnham, R.M., Lowe, D.J. and Alloway, 
B.V. 1999a. Volcanic hazards In 
Auckland, New Zealand: a preliminary 
assessment of the threat posed by 
central North Island silidc volcanism 
based on the Quaternary 
tephrostratigraphical record. In Firth, 
C.M. and Mcrure, W.J. (editors), 
'Volcanoes in the Quaternary', 
GeologkG! Society (london), Special 
Publications 161, 27-45. 
Newnham, A.M., Lowe, D.J. and Williams, 
P.W. 1999b. Quaternary environmental 
change in New Zealand: a review. 
Progress In Physical Geography(in 
press) 
Palmer, A.S. and Pillans, B.J. 1996. Record 
of dimatic fluctuations from c. 500 ka 
loess deposits and paleosols near 
Wanganui, New Zealand. Quatemary 
lntematlona/34-36, 155-162. 
Pillans, B.J. 1994. Direct marine-terrestrial 
correlations, Wanganui Basin, New 
Zealand: the last million years. 
Quaternary Science Reviews 13, 189· 
200. 
Pillans, B.J. and Wright, I. 1992. Late 
Quaternary tephrostratigraphy fromjhe 
southern Havre Trough-Bay of Plenty, 
northeast New Zealand. New Zealand 
l011171i1/ of Geology and Geophysics 35, 
129-143. 
Pillans, B.J., McGlone, M.S., Palmer, A.S., 
Mildenhall, D., Alloway, B.V. and Berger, 
G.W. 1993. The last Glacial Maxlmum in 
central and southem North Island, New 
Zealand: a palaeoenvironmental 
reconstruction using the Kawakawa 
Tephra Formation as a 
chronostratigraphic marker. 
Palaeogeography, Palaeoclimatology, 
Palaeoecvlogy 101, 283-304. 
PIOans, B.J., Roberts, A.P., Wilson, G.S., 
Abbott, S.T. and Alloway, B.V. 1994. 
Magnetostratigraphic, 6thostratigraphic 
and tephrostratigraphic constraints on 
Lower and Middle Pleistocene sea-level 
changes, Wanganui Basin, New Zealand. 
Earth and Planetary Science letters 
121, 81·96. 
Pillans, B.J., Kohn, B.P., Berger, G.W., 
Froggatt, P.C., Duller, G., Alloway, B.V. 
and Hesse, P.P. 1996. Multi-method 
dating comparison from Mid-Pleistocene 
Rangitawa Tephra, New Zealand. 
Quaternary Sdence Reviews 15, 1-14. 
tun~ ggg OUolernorv A~strruosrn Voi.H/1 18 
Reseorch Ren rt~ 
Price, R.C., Stewart, R.B., Woodhead, J.D. 
and Smith, I.E.M. 1999. Petrogenesis of 
high-K arc magmas: evidence from 
Egmont volcano, North Island, New 
Zealand. JouiTiill of Petrology40, 167· 
197. 
Pringle, M.S., McWilliams, M., Houghton, 
B.F., Lanphere, M.A. and Wilson, CJ.N. 
1992. 40Aff39Ar dating of Quaternary 
feldspar: examples from the Taupo 
Volcanic Zone, New Zealand. Geology 
20, 531-534. 
Pyle, D.M. 1998. Forecasting sizes and 
repose times for future extreme volcanic 
events. Geology26, 367-370. 
Seward, D. and Kohn, B.P. 1997. New 
zircon fission-track ages from New 
Zealand Quaternary tephra: an 
interlaboratory experiment and 
recommendations for determination of 
young ages. Olemki116eo/ogy 141, 
127-140. 
Shane, P.A.R. 1998. Correlation of rhyofitic 
pyroclastic eruptive units from the 
Taupo volcanic zone by Fe-Tt oxide 
compositional data. 8111/etin of 
Vokanology60, 224-238. 
Shane, P.A.R. and Froggatt, P.C. 1992. 
Composition of widespread volcanic 
glass in deep-sea sediments of southern 
Pacific Ocean: an Antarctic source 
Inferred. Bulletin ofVtbnology54, 
595-601 . 
Shane, P.A.R. and Froggatt, P.C. 1994. 
Discriminant function analysis of glass 
chemistry of New Zealand and North 
American tephra deposits. Quaternary 
Research 41, 70-81. 
Shane, P .A.R., Black, T. and Westgate, J.A. 
1994. Isothermal plateau fission-track 
age for a plaeomagnetlc excursion in the 
Mamaku Ignimbrite, New Zealand and 
Implications for late Quaternary 
stratigraphy. Geophysicdl Research 
letters 21 , 1695-1698. 
Shane, P.A.R., Froggatt, P.C., Black, 
T.M.and Westgate, J.A. 1995. 
Olronology of Pliocene and Quaternary 
bioevents and climatic events from 
fission-track ages on tephra beds, 
Wairarapa, New Zealand. Earth and 
Planetary Science letters 130, 141-
154. 
Shane, P.A.R., Alloway, B.V. Black, T. and 
Westgate, J.A. 1996a.lsothennal 
plateau fission-track ages of tephra 
beds In an Early..Middle Pleistocene 
marine and terrestrial sequence, Cape 
Kidnappers, New Zealand. Quaternary 
lntemationiJ/34-36, 49-53. 
Shane, P.A.R., Black, T.M., Alloway, B.V. 
and Westgate, I.A. 1996b. Early to 
Middle Pleistocene tephrochronology of 
North Island, New Zealand: implications 
for volcanism, tectonism and 
palaeoenvironments, Geo/ogkal Sec/ely 
of America BuHetin 108, 915-925. 
Smith, I.E.M., Okada, T., Itaya, T. and 
Black, P.M. 1993. Age relationships and 
tectonic implications of late Cenozoic 
basaltic volcanism in Northland, New 
Zealand. New Zealand /O()f'ti;JI of 
Geology and Geophysics 36, 385-3 93. 
Smith, R.T. and Houghton, B.F. 1995a. 
Vent migration and changing eruptive 
style during the 1800a Taupo eruption: 
new evidence from the Hatepe and 
Rotongaio phreatopHnian ashes. Bulle/in 
ofVo/canotogy57, 432-439. 
Smith, R.T. and Houghton, B.F. 1995b·. 
Delayed depositon of pHnian pumice 
during phreatoplinian volcanism: the 
1800-yr-B.P. Taupo eruption, New 
Zealand. Journal of Volcanology and. 
~therma/Researdl67,221-226. 
Stokes, S. and Lowe, DJ. 1988. 
Discriminant function analysis of late 
Quaternary tephras from five volcanoes 
in New Zealand using glass shard major 
element chemistry. Quaternary Research 
30, 270-283. 
Stokes, S., Lowe, OJ. and Froggatt, P.C. 
1992. Discriminant function analysis and 
correlation of late Quaternary rhyofrtic 
tephra deposits from Taupo and 
Okatalna volcanoes, New Zealand, using 
glass shard major element composition. 
Qua~ry lnternaUona/13·14, 1 02· 
117. 
-----~------~-------------------·------------
Su~ton, A.N., Blake, 5. and Wilson, C.J.N. 
1 993. An outline geodtemistry of 
rhyolite eruptives from Taupo Vokanic 
Centre, New Zealand. Journal of 
Volcanology and 6eotllei7Tid! Researdl 
68, 153-175. . 
Wilmshurst, J.M. 1997. The Impact of 
human settlement on vegetation and soU 
stability In Hawke's Bay, New Zealand. 
New Zealand Journal ol &tany 35, 97-
111. 
Wilson, c.J.N. 199 1. Ignimbrite morphology 
and the effects of erosion: a New 
Zealand case study. Bulletin o! 
Volcanology 53, 635-644. 
WilsOil, C.J.N. 1993. Stratigraphy, 
chronology, styles and dynamics of late 
Quaternary eruptions from Taupo 
volcano, New Zealand. Philosophical 
T ransadlons of 1M Royal Society 
LondonA343, 205-306. 
Wilson, c.J.N., Houghton, B.F., Lanphere, 
M.A. and Weaver, S.D. 1992. A new 
radiometric age estimate for the 
Rotoehu Ash from Mayor island, New 
Zealand, New Zealand JoliffiQ/ of 
Geo!ogyandrieophyslcs35, 371-374. 
Wilson, CJ.N., Houghton, B. F., McWilliams, 
M.O., Lanphere, M.A., Weaver, S.D. and 
Briggs, R.M. 1995a. Volcanic and 
structural evolution of Taupo Volcanic 
Zone, New Zealand: a review. Journal of 
Volcanology and Geothermal Research 
68, 1-28. 
Wilson, CJ.N., Haughton, B.F .. , Kamp, P.JJ. 
and McWilliams, M.O. 1995b. An 
exceptionally widespread Ignimbrite with 
implications for pyrodastic flow 
emplacement. Nature 378, 605-607. 
W~son, C.J.N., Houghton, B. F., Pillans, B.J. 
and Weaver, S.D. 199Sc. Taupo Volcanic 
Zone calcalkaline tephras on the 
peralkaline Mayor Island volcano, New 
Zealand: Identification and use as 
mari(er horizons. Journal of Vokanology 
and Geothermal Research 69, 303-311. 
Wright, I.C. 1994. Nature and tectonic 
setting of the southern Kermadec 
submarine arc volcanoes: an ove!View. 
Marine 6eo!ogy 118,217-236. 
1uue J ggg QuotemorJ Ausrrnrnsio Vol. 1.1/1 19 
